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Disclaimer

This report is being furnished to the U.S. Environmental Protection Agency (EPA) by
ICF Consulting in partial fulfillment of Work Assignment 3-06 under EPA contract 68-D-01-052
and Task Order 1328 under GSA contract GS-10F-0124J. The report has been reviewed and
approved for publication by EPA. It does not constitute Agency policy. The opinions, findings,
and conclusions expressed are those of the authors and are not necessarily those of EPA.
Mention of trade names or commercial products is not intended to constitute endorsement or
recommendation for use.

EPA has employed many models over the past decade for different applications and
purposes associated with emissions of mercury to air. These have included models capable of
long-range, large-scale modeling such as the Regional Lagrangian Model of Air Pollution
(RELMAP), used for the Mercury Study Report to Congress, and more recently the Community
Multi-scale Air Quality (CMAQ) modeling system, which includes simulation of atmospheric
chemistry, as well as models capable of local-scale atmospheric transport such as the Industrial
Source Complex (ISC) model. Mercury deposition estimated via those models has been used as
input for watershed and aquatic ecosystem modeling, e.g., using the indirect exposure
methodology for mercury (IEM-2M) or the Multimedia, Multi-pathway, Multi-receptor
Exposure and Risk Assessment model (3MRA). Unlike many of those model applications,
which informed regulatory decisions by the Agency, the analyses described in this document are
solely for the purpose of model evaluation, as described herein.
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Preface

This document, Evaluation of TRIM.FaTE, Volume Il: Model Performance Focusing on
Mercury Test Case, is part of a series of documentation for the Total Risk Integrated
Methodology (TRIM). Additional evaluation analyses are presented elsewhere (EPA 2002a,
EPA 2004, EPA 2005b) and will be augmented with future applications, while the detailed
documentation of logic, assumptions, algorithms, and equations is provided in comprehensive
Technical Support Documents (TSDs) and/or user’s guides for each of the TRIM modules (see
www.epa.gov/ttn/fera).

Primary U.S. EPA technical staff contributing to the planning, analysis, and
interpretation of this TRIM.FaTE test case include Deirdre Murphy (overall technical lead), John
Langstaff (sensitivity analysis and air modeling), Gerry Laniak (model comparison with 3AMRA),
and Robert Ambrose (model comparison with 3aMRA). Craig Barber also contributed to analysis
and interpretation (bioaccumulation comparison with 3aMRA). Other EPA technical staff
contributing to planning and early analyses for the mercury test case were TRIM team members
Ted Palma, Robert Hetes, and Amy Vasu.

Reviewers for this document included: Gerry Laniak, Mike Cyterski, Ellen Cooter, and
Donna Schwede of U.S. EPA’s Office of Research and Development; Jeffrey Yurk of U.S. EPA
Region 6; John Irwin of U.S. EPA and National Oceanic and Atmospheric Administration; and
Stephen Kroner of U.S. EPA, Office of Solid Waste.

Inquiries should be directed to Dr. Deirdre Murphy, U.S. EPA, Office of Air Quality
Planning and Standards, C404-01, Research Triangle Park, North Carolina, 27711;
murphy.deirdre@epa.gov.
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EXECUTIVE SUMMARY

The United States Environmental Protection Agency (EPA) recently has developed and
begun applying TRIM.FaTE, a comprehensive multimedia chemical fate and transport model
based on mass transfer and mass balance concepts. This report documents a series of model
evaluation activities for TRIM.FaTE based on its application to mercury air emissions from a
mercury cell chlor-alkali facility (now-closed) in the northeastern United States." The mass
balance approach used in TRIM.FaTE, including mercury transformations in various
environmental media and types of biota, ensures that the predicted distribution of mercury in the
environment reflects the total mercury available — mercury is neither created nor destroyed
during the modeling. TRIM.FaTE’s mass balance approach incorporates fugacity principles,
deriving from and building on the CALTOX model and the earlier modeling concepts and
formulations of Mackay (Level 1, 2, and 3 partitioning models) and Thibodeaux
(chemodynamics concepts).

As discussed at length in Volume 1 of this report and highlighted in recent EPA Science
Advisory Board reviews of TRIM.FaTE and 3MRA (another EPA model with a complex
multimedia fate and transport component), model evaluation for a multimedia model such as
TRIM.FaTE is a particularly challenging undertaking. “Validation” of such models, in the
classic sense (e.g., proving the model produces accurate results across a range of input
conditions), is not generally possible, in part because there are no comprehensive data sets of
measured chemical concentrations (and associated contributing pollutant sources) for use in such
comprehensive studies, nor are there other fully validated multimedia models against which
TRIM.FaTE can be benchmarked. Thus, evaluation of TRIM.FaTE is not a yes/no exercise but a
continuing accumulation of evidence leading to model refinement and eventually to increasing
levels of confidence in the model results.
The overall objective for TRIM.FaTE
evaluation, as discussed in Volume 1 of this TRIM.FaTE
report, is to refine and build confidence in
the model by conducting and publicly
reporting on a wide-ranging suite of model
evaluation activities, of which the mercury

TRIM.FaTE is aspatially explicit, compartmental
mass balance model that describes the movement
and transformation of pollutants over time,
through a user-defined, bounded system that

performance evaluation study reported here includes both biotic and abiotic components
is an important example. Other examples (compartments). TRIM.FaTE predicts pollutant
include recent and in-progress evaluation concentrations in multiple environmental media
studies focusing on organic chemicals, and pollutant concentrations and intakes for biota,
including dioxins/furans and polycyclic all of which provide both temporal and spatial
aromatic hydrocarbons. The ongoing exposure estimates for ecological receptors (i.e.,
TRIM.EaTE model evaluation has been plants and animals). The output concentrations

from TRIM.FaTE also can be used as inputs to a
human ingestion exposure model.

designed to be consistent with the Agency’s
peer review policy for models and its
evolving regulatory environmental modeling
guidance.

! This evaluation does not draw conclusions regarding the facility. Rather, it is intended to facilitate
conclusions regarding the performance of TRIM.FaTE.



TRIM.FaTE is Different

TRIM.FaTE is a transparent computer framework, accompanied by an initial library of
algorithms and values, into which a user loads selected algorithms and input values, along with
the design (e.g., spatial, temporal, and ecosystem details) of the scenario to be modeled. With its
two-way linkages among the various environmental media and biota types being modeled, its
continuous mass-balancing, its scalable complexity, and its transparency to the user, TRIM.FaTE
is significantly different from many other multimedia or single-medium chemical fate and
transport models in common use. As demonstrated through the broad range of analyses
described in this report, TRIM.FaTE allows a user to perform dynamic, mass-balanced studies of
the multimedia fate and transport of mercury in abiotic and biotic media. It also models two-way
transformations of chemicals and keeps track of the reaction products within the mass balance
system — for example, transformations back and forth between methyl mercury and inorganic
divalent mercury, and between the latter and elemental mercury. In another distinguishing
feature, the TRIM.FaTE framework accommodates the simulation of mercury transfers within
terrestrial and aquatic trophic webs using bioenergetic algorithms, which allow uptake of
mercury via food, water, air, and soil and which allow individual species to ingest more than one
type of food. TRIM.FaTE allows modeling scenarios to be set up with as much, or as little,
complexity as desired.

TRIM.FaTE not only estimates chemical concentrations, but allows a full accounting of
chemical mass flows, accumulation, and distribution throughout the modeling system. The
media and biota being modeled are connected to each other, as appropriate, and chemical mass
can flow both ways across the linkages as specified by various transfer processes (e.g.,
deposition, diffusion, volatilization, biouptake, excretion), allowing for physical and biological
feedback mechanisms to be accounted for explicitly (e.g., re-emission from surfaces such as soil,
vegetation, and surface water). Plants and animals exchange chemical mass continuously with
environmental media, which in the case of plants can have a noticeable effect on the overall
distribution of mercury mass in soils, surface water, and air. The distribution of chemical mass
within the modeled system changes over time according to the dynamic transfers and processes
modeled. As an example of the kind of mass balance/distribution problems that can be
addressed, TRIM.FaTE can be used to examine temporal questions related to chemical mass
distribution (e.g., time that might be required for different environmental components to
approach steady-state, changes in chemical distribution after a source stops emitting mercury).
One also can readily examine the impact of including or varying the configuration of a particular
environmental medium or biota type (e.g., terrestrial plants, aquatic macrophytes) on chemical
mass distributions and concentrations in the modeled system.

TRIM.FaTE is Flexible

TRIM.FaTE is designed to be highly flexible in its set-up and adaptable to user-specified
input data and algorithms. Therefore, it can be applied to a variety of problems and questions
related to chemical fate and exposure and risk assessment, such as the multimedia assessment of
risks associated with hazardous and criteria air pollutants. A user can set up a wide range of
study designs in TRIM.FaTE at varying levels of complexity, specifying the time resolution,
spatial scale and resolution, environmental media and biota types to be included, kinds and
format of outputs, and other study characteristics. This report demonstrates this flexibility,
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illustrating time and spatial resolution of modeling inputs and results, generation of chemical
mass outputs along with predicted concentrations, modeling of mercury speciation and
transformation, modeling in both dynamic and steady-state modes, and adaptability of
TRIM.FaTE to sensitivity analyses and to comparisons with other models and monitoring data.

Sensitivity of TRIM.FaTE Results Makes Sense

TRIM.FaTE is working as intended, with the modeling results reflecting the algorithms
and inputs used. The modeling results in most cases also appear to be sensitive to input
parameters known to be important in determining chemical fate and transport. Chapter 5
describes an initial, local sensitivity analysis covering nearly all of the input properties of the
model. As discussed in that chapter, the modeling results are explainable based on the methods
and input values used; this study shows that TRIM.FaTE produces results based on what the user
gives it. Broadly influential properties — those that exert relatively high influence on chemical
concentrations for a range of media types — include mercury emission rates from the source, air
deposition-related properties, mercury transformation rates and Kd (phase partitioning) values,
and water and air temperature. Several parameters also are noted that influence methyl mercury
concentrations in fish through the food chain dynamics simulated in this application of
TRIM.FaTE, including characteristics of the algal and benthic invertebrate communities and
water-column and benthic fish that comprise the aquatic food web. The sensitivity analysis
reported here begins the process of demonstrating that the influence of model inputs on outputs
is consistent with the expectations based on the algorithms employed, which were derived from
what is currently known about mercury fate and transport.

TRIM.FaTE Compares Well

In large measure, the TRIM.FaTE test case results are consistent with results of
comparison simulations performed using EPA’s 3MRA model, the limited available mercury
measurement data for the test case site, and measurement and modeling data from the literature.
Even given some significant differences in model structure, set-up, and inputs, the long-term
(annual average) mercury concentrations predicted in various environmental media and biota by
TRIM.FaTE and 3MRA (discussed in detail in Chapter 6) are usually within an order of
magnitude, and in most cases closer. Predicted mercury speciations (i.e., fractions in elemental,
divalent, and methyl mercury form) generally agree as well. Simulations using both models
predicted divalent and elemental mercury as the predominant forms of mercury in surface water
and sediment, although due to different transformation factors and processes, 3MRA predicted a
higher percentage of elemental mercury in these media than TRIM.FaTE. For several reasons
related to uncertainty in the literature and in the corresponding modeling methods and inputs,
comparisons of the mercury concentration and speciation results for terrestrial animals are more
uncertain than for the other media. Where results from the two models do not agree closely,
such as for mercury concentrations in the root zone soil and the benthic sediment, the differences
are explainable based on differing model algorithms and/or inputs. The results of this model
comparison have already been used to refine inputs or algorithms for both model applications,
and to raise questions for further examination.

TRIM.FaTE modeling results are placed in the context of the available mercury
measurement data for the test case site in Chapter 7. Measurement data such as these are
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especially hard to compare with multimedia modeling results, given major uncertainty about
historical releases from the emission source and from other nearby and distant sources (including
non-air sources) that may have contributed to the measured levels. In addition, measurements
are available for very few locations, media, and points in time (especially compared with the
TRIM.FaTE outputs), and most measures are of total mercury, with very limited data on
speciation. Overall, for the limited measurement data that are available, TRIM.FaTE results are
generally consistent with measured values, with most predictions falling within about an order of
magnitude of the measured concentrations. Exceptions are noted for some biota, with modeled
concentrations in a few animal types lower than measured concentrations by more than an order
of magnitude. However, more information about the historical mercury sources and additional
measurement data would be required to make a more conclusive statement regarding model
performance.

Throughout the report, literature data on mercury measurements and modeling results are
cited and compared with the TRIM.FaTE results. The comparison with 3MRA modeling results,
comparison with available measurement data for the test case site, and comparison with literature
reports have continued to increase confidence in TRIM.FaTE and the current set of algorithms.

TRIM.FaTE’s Steady-state and Dynamic Modes Are Complementary

As an example of the ability to work at different levels of complexity within the
TRIM.FaTE framework, the model can be applied in either a dynamic or steady-state mode. The
dynamic mode, demonstrated in detail in Chapter 3, allows time resolution in the inputs and
produces time-varying results as appropriate at a user-set level of resolution, but it also requires
substantially more computer resources. The steady-state mode, described in detail in Chapter 4,
provides no time resolution of results and does not accept time-varying inputs (thus requiring
user designation of representative constant values), but yields overall mass distributions and
concentration results in much shorter computer simulation times. Thus, the steady-state mode
has practical advantages for in-depth sensitivity analyses and Monte Carlo analyses of
uncertainty. As shown in Chapter 4, the steady-state mode compares favorably with the dynamic
mode, with generally consistent mercury mass distribution, concentration, and speciation
patterns. As part of the analyses described, the differences in results between the two modes are
disaggregated into differences attributable to input differences (i.e., converting time-varying
inputs for the dynamic mode into constants for the steady-state mode) and differences
attributable to how well the steady-state solution approximates the dynamic results at the end of
a 30-year modeling period.

Dynamic Modeling Results Demonstrate TRIM.FaTE’s Capabilities

Both the steady-state and dynamic modes produce results that appear reasonable —
internally consistent, logical in direction and trend, logical in relationships between media, and
logical based on the algorithms and inputs used. Chapter 3 provides a sampling of TRIM.FaTE’s
capabilities in the dynamic mode. Two time trends dominate in mercury mass accumulation
from a continuous air source, either: (1) a gradual increase which slows (flattens out) as time
progresses (e.g., in soils, sediment, animals closely linked to soil such as earthworms, soil
arthropods, and the animals that feed on them), or (2) a repeated five-year spiking pattern that
corresponds to variations in the five years of meteorological data inputs used (e.g., in air, leaves,
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herbivores and most other terrestrial animals, and to a lesser extent surface water and fish). The
latter pattern illustrates the influence of the meteorological inputs, especially the wind and
precipitation data, directly on air, then on leaves, and then moving through the terrestrial
herbivore food chains. At the end of the 30-year dynamic modeling period, most of the mercury
mass remaining in the modeling region is in the soil and benthic sediment compartments.

Mercury concentrations follow time trends similar to those observed for chemical mass
accumulation. The concentration results, which indicate where the intensity of the mercury is
highest and lowest (e.g., which media, locations, times have highest concentrations), are
complementary to the mass results, which indicate where the highest and lowest total amounts of
mercury are (factoring in the overall volume/mass of the various system components). Within
the food chains modeled for both water-column and benthic fish, mercury concentrations follow
expected patterns and are consistent with model inputs (e.g, highest concentrations in carnivores,
then omnivores, then herbivores). For all the animals, both aquatic and terrestrial, it is clearly
evident that the modeled diet affects the temporal pattern and total accumulation of mercury
estimated by TRIM.FaTE. Among atmospheric deposition processes, the wet vapor deposition
of divalent mercury is dominant, followed by dry vapor deposition of divalent mercury. The
time trend for atmospheric deposition differs from that for air concentration because of the
elevated influence of precipitation events on deposition.

The modeled speciation of mercury is generally as expected. Elemental mercury, the
primary emitted form, is dominant in air and, because of its much higher soil mobility than other
forms, in deeper soil layers. Divalent mercury is dominant in most other media except for fish
and piscivorous wildlife, such as the common loon, where methyl mercury dominates.

One interesting finding is the difference between the spatial pattern in the air
concentration and atmospheric deposition results, which is shown to be attributable to the
difference in wind direction patterns when it is raining versus when it is not. As would be
expected, the spatial pattern of surface soil concentrations (and biota closely linked to surface
soil) follows the deposition pattern more closely than the air concentration pattern. Based on
comparative analysis of the different emission cases, the mass and concentration results for
nearly all media and biota other than air and the deeper soils are almost entirely attributable to
the divalent mercury component of the emission. Even when the elemental mercury level is
almost 20 times higher in the emissions, as in this test case, its local multimedia impact is small
relative to the concurrently emitted divalent mercury.

Conclusions

TRIM.FaTE can provide time-series and spatially resolved predictions of mercury mass
and concentration in environmental media and biota that are logical and appear consistent with
expectations based on the algorithms used, which were derived from what is currently known
about mercury fate and transport. Predicted TRIM.FaTE mercury concentrations and speciation
results compare reasonably well with 3SMRA modeling results, limited measurement data for the
test case site, and reports from the literature (note that there are not much available data with
which to compare the mass results). TRIM.FaTE simulation in the steady-state mode has some
limitations common to all steady-state modeling formulations, especially related to treatment of
time-varying meteorological input data, but the results are generally reflective of simulation in
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the dynamic modeling mode, at least under the conditions tested. Thus, sensitivity analysis
based on steady-state simulations, as presented in this report, appears to be informative about
results from simulations in both steady-state and dynamic modes.

Specific observations with regard to results from the application of TRIM.FaTE in this

test case, given the algorithms and inputs used, include the following.

1)

(2)

©)

(4)

()

(6)

(7)

(8)

(9)

Elemental mercury emitted to air in a model ecosystem yields relatively little local
(within ~ 10 km) deposition and multimedia impact, with emitted divalent mercury
accounting for most of the localized deposition and multimedia impact and most emitted
elemental mercury traveling beyond the local area and potentially depositing over a much
larger area.

Divalent mercury was the dominant mercury species deposited in the test case, and wet
vapor deposition was the dominant process, followed by dry vapor deposition (together,
wet and dry vapor deposition of divalent mercury accounted for approximately 95
percent of total deposition, with all other processes/species less than five percent
combined), and the amount and spatial pattern of atmospheric deposition was highly
dependent on both precipitation and wind direction.

Surface soil, and then benthic sediments and root zone soils, were the largest reservoirs
for locally deposited mercury mass over the 30-year time frame of the dynamic modeling,
and also in the steady-state modeling (where sediment and root zone soil accumulations
were higher than the 30-year results and much closer to surface soil accumulation).

For the modeled surface water bodies, higher trophic level fish and wildlife reached
higher mercury concentrations in 30 years than the lower trophic level animals that were
components of their diets.

In the steady-state modeling, carnivorous fish and piscivorous wildlife reached the
highest mercury concentrations among all animals modeled.

Weather-related temporal (seasonal and annual) patterns are reflected in the dynamic
predictions of mercury mass accumulation and concentration for various environmental
media and biota, such as surface water and terrestrial herbivores.

Specific configuration of and input properties used for aquatic food chains, including diet
components (e.g., proportion benthic invertebrates), ingestion rates, biomass at various
trophic levels (including algae), and predation pressure by piscivorous birds or mammals,
can greatly affect methyl mercury concentrations in fish.

The modeled diets of animals simulated in TRIM.FaTE affect the temporal pattern and
magnitude of their mercury accumulation.

Modeled plant uptake of mercury via roots is low compared with mercury that
accumulates in and on leaves directly from the atmosphere.
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The application and analyses described within this report significantly expand our
knowledge, familiarity, and confidence in the TRIM.FaTE model and the library of algorithms
and inputs used here. That said, as with any model there are areas of relatively greater
confidence and areas of relatively greater uncertainty, the latter of which often reflect scientific
uncertainties about environmental processes. Such areas of greater modeling uncertainty may
provide focus for the attention of future TRIM.FaTE users, and for future evaluation and
potential refinement of inputs and algorithms. In general, the level of confidence in TRIM.FaTE
results is greatest at the scale of annual (or longer-term) concentration and mass results for a
modeling region within 10 to 20 km of a source. Examples of areas of relatively greater
uncertainty and potential focus for future attention include speciation of mercury in wildlife and
sediments, as well as mercury mass accumulation in benthic sediments. The findings of this
study and other test case applications of TRIM.FaTE involving mercury, dioxins/furans, and
polycyclic aromatic hydrocarbons, including previously reported evaluation activities and model
documentation, have all contributed to improved understanding of TRIM.FaTE performance and
confidence in its application as a multimedia modeling approach for local-scale multimedia fate
and transport of air pollutant emissions. The features offered by TRIM.FaTE that distinguish it
from other commonly used multimedia modeling approaches provide incentives for its
application. In future applications, users are encouraged to design appropriate scenarios, paying
close attention to algorithms and inputs, and to critically evaluate results, contributing their
findings to the longer-term knowledge base on TRIM.FaTE and similar models.
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1. INTRODUCTION AND OBJECTIVES

Volume | of this evaluation report (EPA 2002a) describes in detail a wide range of model
evaluation activities for TRIM.FaTE, which were undertaken to implement EPA’s overall
evaluation plan for the model as presented in the TRIM Status Report (EPA 1999a) and reviewed
by EPA’s Science Advisory Board (EPA 2000a). This document, Volume 11 of the evaluation
report, describes the mercury test case, a detailed
performance evaluation of TRIM.FaTE based on
mercury emitted to air from a specific industrial Mercury Test Case Goal
source. Unlike the other types of model
evaluation discussed in VVolume | of this
evaluation report, which focus on specific aspects
of the model (e.g., inputs, individual process
models), performance evaluation focuses on the
performance of the model as a whole.

Since its beginnings in 1999, the primary goal
for the TRIM.FaTE mercury test case has
been to contribute to model development,
testing, evaluation, and refinement.

Background on Performance Evaluation

Performance evaluation compares modeling results to some type of benchmark, such as
monitoring data, other modeling results, and expert judgment. Generally, the optimized model,
as modified based on all prior evaluations, is used for performance evaluation. Matching model
output to monitoring data is often considered the most desirable form of performance evaluation.
Although comparing model output to measured values provides useful information on the model,
history “matching” experiments provide only part of the overall picture of a model's quality,
reliability, and relevance (Beck et al. 1997). Several other forms of performance evaluation also
are used. In addition to monitoring data, or in the absence of such data, outputs from other
models and expert opinion about how outputs should look can be used as comparison
benchmarks in performance evaluation. Examples of performance evaluation activities include:

. Model-to-model comparison;

. Comparison of model output to measurement data (e.g., measured concentrations in
environmental media and biota);

. Round-robin experiments (where several different users independently set up either the
same model or similar models and generate output using the same data for a particular
case study); and

. Some forms of regional sensitivity analysis (where output is tested against expert
judgment about a plausible bound).

To date, TRIM.FaTE performance evaluation activities have focused on model-to-model
comparisons and the comparison of model outputs to measurement data, along with detailed
review and assessment of the patterns and trends (and underlying reasons for them) observed in
the model outputs, as described in this report.
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The ongoing TRIM.FaTE model evaluation has been designed to be consistent with the
Agency’s peer review policy for models (EPA 2005a) and its evolving regulatory environmental
modeling guidance (Habicht 1992, EPA 1994, EPA 1998c, EPA 1999d, and EPA 2003a). Each
successive performance evaluation provides an opportunity to use the model and learn more
about how it works. Beyond the ultimate findings of the performance evaluation itself, the
experience gained through such exercises contributes to an overall understanding of the model,

which ultimately enables both model developers and users to better judge the quality of the
model. In addition to the mercury test case described here, other examples of TRIM.FaTE
model evaluation include recent and in-progress studies focusing on organic chemicals,
including dioxins/furans (EPA 2004, EPA 2005b) and polycyclic aromatic hydrocarbons.

Objectives and Limitations of the TRIM.FaTE Mercury Test Case

The primary objectives of the mercury test case are to evaluate the:

. Performance of TRIM.FaTE in dynamic and steady-state simulations of real world

conditions; and

. Utility of the steady-state solution for performing sensitivity and uncertainty analyses.

The primary means for evaluating model
performance for the mercury test case is
through consideration of the compatibility of
the TRIM.FaTE results with literature
findings of mercury distribution throughout
the multiple components of ecosystems, as
well as comparison of TRIM.FaTE results to
results generated by alternative models
(including one other multimedia model), and
consideration of the compatibility of the
sensitivity analysis conclusions with the
conceptual models that were the basis for the
TRIM.FaTE library algorithms and
properties.

With regard to the sensitivity analysis,
TRIM.FaTE’s steady-state mode has been
employed at a substantial savings in model
run time. Inherent in using this mode rather
than the dynamic mode is the presumption
that sensitivity of steady-state results reflects
or is representative of the sensitivity of
results at time points of interest during a
dynamic simulation.

As noted at the beginning of this
chapter, the main goal of the TRIM.FaTE

Modeling of Mercury Emissions to Air

EPA has employed many models over the past
decade for different applications and purposes
associated with emissions of mercury to air.
These have included models capable of long-
range, large-scale modeling such as the Regional
Lagrangian Model of Air Pollution (RELMAP),
used for the Mercury Study Report to Congress,
and more recently the Community Multi-scale Air
Quality (CMAQ) modeling system, which
includes simulation of atmospheric chemistry, as
well as models capable of local-scale atmospheric
transport such as the Industrial Source Complex
(ISC) model. Mercury deposition estimated via
those models has been used as input for watershed
and aquatic ecosystem modeling, e.g., using the
indirect exposure methodology for mercury (IEM-
2M) or the Multimedia, Multi-pathway, Multi-
receptor Exposure and Risk Assessment model
(BMRA). Unlike many of those model

applications, which informed regulatory decisions
by the Agency, the analyses described in this
document are solely for the purpose of model
evaluation.
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mercury test case has been to support model development, testing, evaluation, and refinement. It
is primarily an evaluation exercise, and the focus of this report is on the simulations performed
for model performance evaluation. Thus, the absolute results of this test case exercise (e.g., the
exact media concentrations estimated by the model) may be of less interest and relevance than
whether the patterns, trends, and general magnitudes observed in the model outputs are
consistent with the expected multimedia behavior of mercury released to air. The values of
specific results can be affected by changes in the values of various input properties (as informed
by the sensitivity analysis), whereas the overall model performance is dependent on the
integration of all algorithms, formulas, and input properties, which have been supplied particular
parameter values for purposes of the test case. Consequently, the primary focus of the material
presented in this document is on the patterns, trends, and general magnitudes of the model
outputs rather than the specific or absolute results.

Background on the Mercury Test Case

Preliminary, limited evaluations of TRIM.FaTE focused primarily on organic chemicals.
An earlier prototype of TRIM.FaTE was compared with two similar models, CalTOX (McKone
1993a, McKone 1993b, McKone 1993c) and SimpleBox (van de Meent 1993, Brandes et al.
1997). The pollutants modeled for that comparison were polycyclic aromatic hydrocarbons
(PAHSs) (EPA 1998a). The mercury test case described in this report addresses the need to
evaluate the performance of the current version of TRIM.FaTE with an inorganic chemical
release scenario, particularly one that includes a persistent and mobile form of inorganic
pollutant that can undergo reversible environmental transformations between different chemical
species in different media. As noted above, separate evaluations of TRIM.FaTE based on
organic chemical release scenarios, including PAHs and dioxins/furans, are recently completed
or in progress (EPA 2004, EPA 2005b, other documentation in preparation).

Mercury is one of the 187 HAPs listed
under section 112(b) of the CAA, is a Great TRIM.FaTE
Waters pollutant of concern (EPA 2000b), is
identified as a pollutant of concern under the
Urban Air Toxics Strategy (EPA 1999b), and

TRIM.FaTE is aspatially explicit, compartmental
mass balance model that describes the movement
and transformation of pollutants over time,

Is one of the seven SPeC'f'C pollutarjts listed through a user-defined, bounded system that
for source identification under section includes both biotic and abiotic components
112(c)(6). In addition, the findings of the (compartments). TRIM.FaTE predicts pollutant
Mercury Study Report to Congress (EPA concentrations in multiple environmental media
1997) indicate that mercury air emissions and in biota and pollutant intakes for biota, all of
may be deposited or transported to water which provide both temporal and spatial exposure
bodies, resulting in mercury uptake by fish. est_imates for ecological receptors (i.e.,_plants and
Ingestion of mercury-containing fish is the animals).  The output concentrations from

TRIM.FaTE can also be used as inputs to a human
ingestion exposure model.

dominant pathway of concern for health
effects in humans, particularly developmental
effects in children.

Mercury can take on multiple forms in the environment and each form has a different set
of physical/chemical property values that influence fate and transport of the pollutant. The three
main forms of mercury include elemental mercury, which is a liquid at room temperature and
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volatilizes into the gas phase; inorganic mercury, which exists as a number of different
compounds in both the particulate phase and gas phase; and organic mercury, which exists as a
number of different compounds and is the most bioavailable form. TRIM.FaTE was specifically
designed to consider reversible transformation and to simultaneously track major chemical
species of a pollutant in multiple environmental media, and it includes appropriate algorithms
and input data for modeling transformation of mercury among its elemental (Hg®), inorganic
(represented as divalent mercury, Hg*), and organic (represented as methyl mercury, MHg)
forms. Additional background on mercury in the environment is provided in EPA’s Mercury
Study Report to Congress (EPA 1997).

Of the four types of stationary sources identified in the 1997 Mercury Study Report to
Congress as having the highest total national emissions of mercury at that time, the chlor-alkali
facility release scenario was selected for the TRIM.FaTE evaluation test case, in part because of
its relatively lower release height for emitted mercury and the potential for local environmental
and human health impacts. One of the primary reasons for selecting the particular facility to
model was that there are relevant monitoring data for mercury in the area. The site is generally
representative of a rural location with a large number of nearby lakes and rivers. The name of
the facility, which is now closed, and its exact location are not identified in this report. This
evaluation does not draw conclusions regarding the facility. Rather, it is intended to facilitate
conclusions regarding the performance of TRIM.FaTE.

In addition to the performance evaluation reported here, the mercury test case site, set-up,
and data have been used by EPA for several years for a variety of TRIM.FaTE 